The detection of dopamine, an important neurotransmitter in the central nervous system, is relevant because low levels of dopamine can cause brain disorders. Here, a novel electrochemical platform made of a hydrogel-graphene oxide nanocomposite was employed to electrochemically determine simultaneously dopamine (DA) and ascorbic acid (AA). Unlike previous work, where the base electrode is modified, the active material (graphene oxide, GO) was dispersed in the hydrogel matrix, making an active nanocomposite where the electrochemical detection occurs. The GO, hydrogel and nanocomposite synthesis is described. Dynamic Light Scattering, UV-visible and FTIR spectroscopies showed that the synthesized GO nanoparticles present 480 nm of diagonal size and a few sheets in height. Moreover, the polymer swelling, the adsorption capacity and the release kinetic of DA and AA were evaluated. The nanocomposite showed lower swelling capacity, higher DA partition coefficient and faster DA release rate than in the hydrogel. The electrochemical measurement proved that both materials can be employed to determine DA and AA. Additionally, the nanocomposite platform allowed the simultaneous determination of both molecules showing two well separated anodic peaks. This result demonstrates the importance of the incorporation of the nanomaterial inside of the hydrogel and proves that the nanocomposite can be used as a platform in an electrochemical device to determinate DA using an unmodified glassy carbon electrode.
Introduction
Dopamine (DA) is an important neurotransmitter in the central nervous system [1] . Low levels of DA can cause brain disorders such as schizophrenia and Parkinson's disease [2] . Ascorbic acid (AA), a water soluble antioxidant, is a vital vitamin in the human diet and can protect living organisms from oxidative stress [3] . Both DA and AA coexist in the extracellular fluids of the central nervous system and serum in mammals. However, the AA concentration in these environments is 100-1000 times higher than that of DA. Therefore, the detection of DA in the presence of a large amount of AA has been matter of concern for many researchers [4] [5] [6] [7] . Taking into account the aforementioned,
Materials and Methods

Synthesis
Natural graphite powder (Aldrich) was oxidized using the modified Hummers method [37] . The GO synthesis depicted has been extensively employed, as well as the GO produced has been exhaustively characterized by our research group [18, 35, 38] . Briefly, graphite powder (2 g) was added to concentrated H 2 SO 4 (200 mL) immersed in an ice bath. Then, KMnO 4 (12 g) was added gradually under constant stirring and cooling to keep the suspension temperature below 20 • C, and the reaction left under stirring for 2 h. Subsequently, 360 mL of distilled water were added ensuring that the temperature does not exceed 50 • C. Then, 40 mL of H 2 O 2 (a volume fraction of 30%) were added to the mixture, which adopted a bright yellow color. The solid mixture was washed with distilled water until the pH of the suspension reached a value of 3. The suspension was centrifuged (30 min at 7000 rpm) and the supernatant discarded. Then, the graphite oxide was dispersed in distilled H 2 O and subjected to ultrasound for 1 h to generate GO sheets or monolayers [38] .
Graphene Oxide Characterization
Fourier transform infrared (FTIR) spectra of the GO were recorded from KBr pellets of solid samples in a Nicolet Impact 410 spectrometer. The UV-Vis spectra of GO water dispersion were recorded on a HP 8452A spectrophotometer. The Dynamic Light Scattering (DLS) measurements were performed in a Malvern 4700 DLS with goniometer and a 7132 correlator, with light of an argon-ion laser operating at 488 nm. The measurement of a water dispersion of GO (0.5 mg/mL) was made at the scattering angle of 90 • .
Nanocomposites and Hydrogels Synthesis
The hydrogel platform (PAAm) was synthesized by free radical polymerization in cylindrical molds. Acrylamide (AAm, 0.071 g/mL) was employed as monomer and N,N-methylene bisacrylamide (BIS, 0.310 mg/L) as a crosslinking agent. The polymerization was initiated by a redox initiator system: ammonium persulfate (APS, 1 µg/mL) and tetramethylene diamine (TEMED, 1 µL/mL). AAm, BIS, and APS were first dissolved in 4 mL of PBS buffer (pH 5.8) to constitute a pre-gelling mixture (PGM). After that, TEMED was added to the PGM to produce the polymerization and crosslinking in 24 h. The nanocomposites (NanoC) of polyacrylamide hydrogels loaded with GO (PAAm-GO) were synthesized using the same procedure but adding 20 mg of dispersed GO to the 4 mL of PGM to produce PAAm-GO, prior to the TEMED addition [39] . The nanocomposites PAAm-GO obtained using this procedure has been previously characterized and reported by our research group [18] . Then, PAAm and the NanoC cylinders were cut into slices, washed several times with distilled water and dried for 48 h at room temperature under moderate vacuum (10,130 Pa). The samples were stored in a desiccator for later use.
Characterization of Hydrogels and Nanocomposites
Fourier Transform Infrared (FTIR)
Fourier transform infrared (FTIR) spectra of the PAAm and PAAm-GO were recorded from KBr pellets of solid samples in a Bruker Tensor 27 spectrometer.
Swelling
The swelling kinetics of PPAm and NanoC were evaluated by measuring water absorption into the materials [4] . Dried hydrogels, previously weighed, were placed in pure water and kept at constant ambient temperature. The samples were removed at regular time intervals. The surface water was wiped off with filter paper. Then, the samples were weighed and placed back into the water to continue the swelling process. The measurements were performed until a constant weight was reached. The swelling percentage (% Sw) was calculated according to Equation (1) , as a function of the time.
where w(t) represents the weight of hydrogel in swollen state at time t and w o is the weight of the dry hydrogel. All the measurements were performed in triplicate. The initial swelling rate was determined using the slope of the first points of the kinetic graph. The % Sw at equilibrium (% Sw eq ) was determined using the value of the weight achieved at two days (2880 min) when the weight of the hydrogels achieved a constant value.
Absorption Capacity of Solutes
The equilibrium distribution of the solute between a solid material (gel or NanoC) and the aqueous phase can be estimated using the partition coefficient (Pc), which is calculated using Equation (2) .
where C in and C aq are the molar concentration of the chemical substance under study in the gels or NanoC and in the aqueous solution, respectively [5] . In this work, dopamine (Silgma-Aldrich) and ascorbic acid (Cicarelli) absorption capacity in NanoC and PAAm was evaluated at pH 3, 7 and 9. Before the Pc determinations, DA and AA solutions of different concentrations were made, dissolving the adequate quantity of the solute in buffer solutions (pH 3, 7 and 9). Then, the absorbance of DA (at λ = 280 nm) and AA (at λ = 265 nm) solutions versus the concentration of these solutions were measured and the extinction molar coefficients of DA and AA at pH 3, 7 and 9 were calculated. Experimentally, a piece of known dry mass of NanoC or PAAm was immersed in 3 mL of the dopamine (DA) or ascorbic acid (AA) solutions at a known concentration. After 48 h immersion, the concentration of the remaining solution was determined by UV-visible spectroscopy (Hewlett-Packard-8453 UV-visible spectrophotometer, Agilent Technologies Deutschland GmbH, Boblingen, Germany), and the volume of the hydrogel was determined using gravimetric measurements. Finally, the Pc was determined using Equation (2).
Kinetic of Solute Release
The DA and AA released from the NanoC and PAAm were analyzed by monitoring the released drug absorbance as function of the time. Experimentally, a cylindrical weighed piece of NanoC or PAAm, previously loaded with DA or AA (48 h) was immersed in 10 mL of distilled water (at 20 • C), the concentration of the studied molecules in the solution at regular times C(t) (during 24 h) was determined by UV-Visible spectroscopy and at the same time intervals the mass of the matrix was measured. All measurements were performed in triplicate. Using these data, the initial release rate (υ) was estimated as the derivate of the concentration vs. time in the initial stages of the release process.
Electrochemical Measurements
All electrochemical experiments were performed using a computer-controlled potentiostat (Autolab PGSTAT30, Ecochemie, Metrohm AG, Herisau, Switzerland). The electrochemical studies were performed by experiments cyclic voltammetry (CV) and linear sweep voltammetry (LSV), in a three-electrode cell, as shown in Scheme 1. A glassy carbon electrode (GC), a Pt grid and a Ag/AgCl (KCl sat. solution) were used as working electrode, counter electrode and reference electrode (RE), respectively. The electrochemical behavior of DA and AA was studied using different concentrations in phosphate buffer (pH 7). Dopamine (0.25 mM), Dopamine (1 mM), Ascorbic Acid (0.25 mM), Ascorbic Acid (1 mM), Dopamine (0.25 mM) and ascorbic acid (0.25 mM), and Dopamine (1 mM) and Ascorbic Acid (1 mM) were employed in the electrochemical measurements. Before the electrochemical measurements, the matrices (PAAm and NanoC, d = 10 mm; d p = 3 mm) were pre-loaded with DA and AA during 24 h at 20 • C. Then, the matrices were poured on a Pt grid inside of the electrochemical cell (see Scheme 1) . Then, the unmodified glassy carbon working electrode was gently pressed onto the hydrogel and the cell was filled with the buffer solution (PH 7). The potential window employed for CV and LSV techniques, was from −0.2 to 0.6 V. The LSVs were performed at a scanning speed of 1 mV/s, and the concentration of the study solutions was of 1 mM in 0.1 M phosphate buffer at pH 7.
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Scheme 1. Schematic representation of the set-up used to carry out the electrochemical measured using preloaded hydrogels and NanoC. RE, reference electrode; WE, working electrode; CE, counter electrode; d, the matrix diameter; dp, the matrix height.
Results
Synthesis and Characterization
This polymeric gels based on polyacrylamide used for sorption of DA and AA organic molecules were characterized by infrared spectroscopy.
The FTIR spectra of the PAAm and NanoC are shown in Figure 1a . The GO synthesis depicted in the NanoC preparation has been extensively employed as well as exhaustively characterized in previous work of our research group [18, 35, 38] . Following the synthetic procedure reported, it is possible to obtain GO, a very oxidized material [40] , with a ID/IG ratio (measured by Raman spectroscopy) of ca. 0.8 [38] . Moreover, it has been shown that an ID/IG ratio of 0.8 corresponds to a C/O ratio of 1.8 obtained from the curve fitting of XPS spectra [41] . Therefore, the GO obtained presents a high degree of oxygenated moieties. In addition, the size of the GO measured by HRTEM presented small laminates very well distributed [38] , with a mean DLS apparent size of ca. 480 nm (Figure 1b) . Schematic representation of the set-up used to carry out the electrochemical measured using preloaded hydrogels and NanoC. RE, reference electrode; WE, working electrode; CE, counter electrode; d, the matrix diameter; d p , the matrix height.
Results
Synthesis and Characterization
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The kinetic swelling kinetic is an important parameter to evaluate not only the capacity of the hydrogel and the NanoC to absorb water but also the amount of crosslinking in the 3D network. Figure 2 shows the hydrogel and the composite material swelling kinetics. It is apparent that both the maximum value of %Sw and initial swelling rate of the hydrogel matrix (PAAm, %Sw = 2300 ±180, swelling rate 16.52 ± 0.11 %Sw/min) are larger than the ones measured in NanoC (%Sw = 1540 ± 130, swelling rate 16.01 ± 0.12 %Sw/min). It is likely that GO nanoparticles increase the crosslinking of the matrix, thus reducing swelling.
NanoC and Hydrogel Absorption Capacity.
The PAAm hydrogel and NanoC capacities to absorb DA and AA molecules was studied by UV-visible spectroscopy following the intensity of the characteristic absorption bands of the molecules at three different pH values (3, 7, and 9) . The extinction coefficients (Ԑ) calculated and at the maxima wavelength employed are depicted in Table 1 . Using the calculated extinction coefficients, the molar concentration of each studied molecule inside and outside of the polymers was calculated and the partition coefficient of the gels determined using Equation (2) . The results are reported in Table 2 . The release kinetics of DA and AA molecules were studied at pH 7 since at this pH value the aterials present the best adsorption capacity (Figure 3) . Using the experimental kinetics data (concentration vs. time), it was possible to calculate the itial release rate (υ) as the derivate of the concentration vs. time in the initial stages of the release ocess (Table 2) .
. Electrochemistry Measurements
To evaluate the electrochemical behavior of both composites, unloaded analytes were studied. Figure 4 , the electrochemical response of these matrices using a potential window between 0 and V in 1 M H2SO4 is shown.
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To evaluate the electrochemical behavior of both composites, unloaded analytes were studied. In Figure 4 , the electrochemical response of these matrices using a potential window between 0 and 0.8 V in 1 M H 2 SO 4 is shown. The electrochemical responses (CV at 1 mV/s) of DA and AA preloaded in on different pieces of PAAm and NanoC (from solutions of 0.25 mM at pH 7 (PBS)) were evaluated ( Figure 5 ). The electrochemical response of PAAm and NanoC LSV was carried out using the preloaded matrices with a solution of 1 mM DA and 1 mM AA in PBS (pH 7), at scan rate of 1 mV/s (Figure 6 ). The electrochemical responses (CV at 1 mV/s) of DA and AA preloaded in on different pieces of PAAm and NanoC (from solutions of 0.25 mM at pH 7 (PBS)) were evaluated ( Figure 5 ). The electrochemical response of PAAm and NanoC LSV was carried out using the preloaded matrices with a solution of 1 mM DA and 1 mM AA in PBS (pH 7), at scan rate of 1 mV/s (Figure 6 ). The electrochemical response of PAAm and NanoC LSV was carried out using the preloaded matrices with a solution of 1 mM DA and 1 mM AA in PBS (pH 7), at scan rate of 1 mV/s (Figure 6 ). 
Discussion
The FTIR spectrum of PAAm presents the characteristic bands of the polymer. The bands at 2881 and 2974 cm −1 were assigned to the -CH3 symmetric and asymmetric stretching, and the band at ca. 3500 cm −1 corresponds to N-H stretching of the secondary amides (Figure 1a) . Moreover, the band at 1650 cm −1 is characteristic of the C=O stretching vibration of the amide I band and the bandat 1570 cm -1 corresponds to the amide II band [42] . On the other hand, the NanoC presents not only the typical bands of the polymer but also bands at 1750 cm −1 and 1630 cm -1 that can be assigned to the functional group (>C=O) present in GO [43] assuring the presence of GO inside the hydrogel ( Figure  1a) .
The DLS size distribution in Figure 1b shows that the GO particles have a mean size of 480 nm. This result is in agreement with the data published by Pereyra et. al., who used the same synthetic procedure [38] . The results obtained from characterization indicate GO synthesized present the same physical and chemical properties that previously published [18, 35, 38] . Figure 2 shows the hydrogel and composite material swelling kinetics in pure water. The equilibrium swelling of PAAm is ca. 2300 ± 180% while for NanoC the swelling percentage is ca. 1584 ± 130%. The nanocomposite equilibrium swelling value is lower than that of the hydrogel. It seems that the NanoC elastic properties are lowered due to the incorporation of the nanomaterials inside of the three-dimensional matrix of the hydrogel. The diminution of the swelling is attributed mainly to the hydrogen bonding that can be formed between the GO hydroxyl and carboxyl groups with the oxygenated functional group of the PAAm. These new interactions produce an enhancement of the chemical crosslinking, adding a physical crosslinking resulting in the swelling equilibrium reduction [35, 42, 44, 45] . The swelling in the equilibrium of the nanocomposite NanoC decreases compared to PAAm. However, the initial swelling rate of 16.01 ± 0.12 and 16.52 ± 0.11 % Sw/min, respectively, suggests a similar hydrophilicity of these materials. Although the swelling behavior of PAAm and NanoC in water is markedly different (Figure 2) , the swelling in AA and DA solutions, at pH 7, presents similar values in both matrices (see Table 2 ). Table 2 shows that at pH 3 and 9 the Pc values decrease for both molecules in the PAAm and NanoC materials compared to the studies conducted at pH 7. This behavior can be attributed to the electrostatic repulsion between the charges in the hydrogel and in the studied molecules at this pH value. Therefore, the variation of the Pc with the pH is relevant because it allows adjusting the sorption capacity of the molecules in an easy manner. Moreover, the study shows that AA presents 
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The concentration of the studied molecules (DA and AA) released in function of the time. Comparing the maximum concentration released by each matrix, it is possible to conclude that NanoC matrix retains not only DA but also AA more efficiently than PAAm, as shown in Figure 3 . In addition, in Figure 3b , it can be observed that AA is retained during more time inside of the matrices than the DA, which is in total agreement with the PC values previously determined.
As can be observed in Table 2 , the initial release rate values allow confirming that inside of the NanoC matrix not only DA but also AA presents a lower initial rate than in PAAm matrix, which confirms that the GO functional groups allow a better chemical interaction of the small molecules with the 3D structure.
Besides, the DA initial release rate inside both matrices presents similar values; the AA initial release rate value in NanoC matrix is more than 2.5-fold lower than in PAAm matrix, indicating that NanoC presents more interaction with AA molecules, allowing to ensure that NanoC could be used as a selective matrix, allowing the easy diffusion of DA and retaining AA.
The current response profile in Figure 4 reveals a rectangular shape with a broad band around 0.4 V, which is the typical response of carbon electrode with surface electroactive redox groups (quinone-like moieties). The increase in the current observed in the CV of GC in contact with NanoC can be attributed to the increased surface area due to the contribution of GO electrically connected with the pressing glassy carbon electrode.
Considering that DA is a relevant molecule that regulates functions of the central nervous system, its detection is of great interest. However, it is known that not only DA but also AA is present in the extracellular fluid of the central nervous system, and in higher concentration [48] . Moreover, the electrochemical determination of DA becomes difficult because the AA oxidation potential is close to DA oxidation potential when solid unmodified electrodes are used [49] . Kim et. al showed that using vitreous carbon electrodes modified with a deposit of GO can separate the anodic peaks corresponding to DA and AA oxidation. In this manner, the electrochemical determination of each compound is possible [16] .
The electrochemical profile of DA ( Figure 5 ) inside of both platforms presents a typical quasi-reversible oxidation-reduction similar to the DA in solution at ca. 0.2 V [48] . In addition, the electrochemical response of AA (inside of both platforms) shows the anodic peak, even though the cathodic peak is not present. This results indicate that the AA oxidation reaction is coupled with an irreversible chemical reaction [24, 48] . Moreover, the oxidation peak of AA preloaded in PAAm (ca. 0.2 V) shifts to a more negative oxidation value (0.06 V) than when it is loaded inside of NanoC. Thus, the difference between DA and AA oxidation peaks reach a value of 0.14 V, which shows the importance of the NanoC allowing discriminate both molecules [50] .
In Figure 6 , the linear sweep voltammetry of each preloaded platform is presented; only one peak can be observed when the analytes (DA and AA) are preloaded in PAAm platform. Nevertheless, two well-defined and completely resolved anodic peaks at ca. 0.006 V and 0.2 V can be observed when both molecules are preloaded in the NanoC platform, corresponding to the oxidation of AA and DA, respectively. The good difference of the peak-to-peak potential for DA and AA could be attributed to the different adsorption affinity of these compounds inside of the NanoC structure [51] . In NanoC the AA partition coefficient is higher than DA, implying a greater concentration of the AA redox species within the nanocomposite. However, it is not possible to appreciate differences in the anodic peak potential; this behavior can be explained by taking into account the faster DA diffusion inside of the platform (see Table 2 initial release rate value). These results demonstrate that the GO presence in the composite produce a separation of AA and DA oxidation peaks. In addition, it confirms that the electrochemical detection of both molecules present simultaneously is possible using the NanoC platform. Moreover, the difference between the oxidation potentials of both species is 0.194 V, suggesting that a selective measurement of one component in the presence of the other or the simultaneous determination of both analytes preloaded in NanoC is feasible.
Conclusions
This study shows that is possible to determinate dopamine in presence of ascorbic acid by using an unmodified GC electrode in a preloading PAAm-GO nanocomposite. Moreover, an easy production of the nanocomposite has been shown, starting with the synthesis of GO, followed by radical polymerization of acrylamide in presence of the GO dispersion.
The characterization of the GO particles showed a mean size average of 480 nm, made of few 2D grapheme sheets. In addition, the swelling of the hydrogel decreased by the incorporation of GO, from 2300% to 1584%, probably due to the interaction of the oxidized groups in GO with the functional groups (-NH 2 ) present in the polymer. The partition coefficients of DA and AA inside the matrices showed that the AA presents a better interaction than DA. The release kinetics studies of DA and AA molecules showed that NanoC matrix retains not only DA but also AA more efficiently than PAAm. The electrochemical behavior of these matrices evaluated by CV revealed a rectangular shape with a broad band around 0.4 V, which a typical response of a carbon electrode with surface electroactive groups. In addition, the electrochemical response of DA and AA preloaded separately using the PAAm and NanoC platforms showed that using the nanocomposite the AA peak oxidation potential shifted to a more negative value, allowing the simultaneous determination of DA in presence of AA. By using LSV, it was possible to observe a good oxidation peak separation (0.194 V), suggesting that a selective measurement of DA and AA can be carried out. All these results support that it is possible to determine DA in presence of AA employing an unmodified GC electrode, preloading the molecules inside of NanoC platform. 
